Introduction
Climate change refers to a change in the state of the climate that can be identified by changes in the average and/or the variability of its properties (e.g., temperature, precipitation), and that persists for an extended period, typically decades or longer. Climate in a narrow sense is usually defined as the average weather, or more rigorously, as the statistical description in terms of the mean and variability of relevant quantities over a period of time ranging from months to thousands or millions of years. The classical period for averaging these variables is 30 years, as defined by the World Meteorological Organization.
Climate change may be due to natural internal processes or external forcings, or to persistent anthropogenic changes in the composition of the atmosphere or in land use. the net effect of human activities since 1750 has been one of warming. They also conclude that most of the observed increase in global average temperatures since the mid-20th century is very likely due to the observed increase in anthropogenicgreenhouse gas (GHG) concentrations.
Global GHG emissions will continue to grow over the next few decades due to increases in the human activities that generate GHG, notably the combustionof fossil fuels and certain land use practices. A pronounced and swift change in climate change mitigation policies and related sustainable development practices could mitigate that trend. Continued GHG emissions at or above current rates would cause further warming and induce many changes in the global climate system during the 21st century that would very likely be larger than those observed during the 20th century. Higher temperatures would cause further widespread change, including: a decrease in snow cover and sea ice; an increase in frequency of hot extremes, heat waves and heavy precipitation; an increase in tropical cycloneintensity; precipitation increases in high latitudes and likely decreases in most subtropical land regions, among many other impacts; sea level rise, and accelerated species extinction, among many other impacts.
These phenomena would have far-reaching impacts on society. Altered frequencies and intensities of extreme weather, together with sea level rise, are expected to have mostly adverse effects on natural and human systems. Projected impacts include increased pest outbreaks in agriculture, increasing water scarcity and diminished water quality, increased risk of heat-related mortality, relocation of coastal populations and infrastructure, and declining air quality in cities. There are sharp differences across regions and those in the weakest economic position are often the most vulnerable to climate change. Possible positive impacts of climate change include increased yields in colder environments and reduced energy demand for heating.
Some planned adaptation (of human activities) is occurring now; more extensive adaptation is required to reduce vulnerability to climate change. Unmitigated climate change would, in the long term, be likely to exceed the capacity of natural, managed and human systems to adapt. Making development more sustainable by integrating climate change adaptation and mitigation measures into sustainable development strategy, can make a major contribution towards addressing climate change problems. Although the problems are complex, we know enough today to take the first effective steps on adaptation and mitigation.
Observed changes in climate and their effects
Warming of the earth is unequivocal, as is now evident from observations of increases in global average air and ocean temperatures, widespread melting of snow and ice and rising global average sea level. Eleven of the twelve years from 1995 to 2006 rank among the twelve warmest years in the instrumental record of global surface temperature (since 1850). The temperature of the Earth has risen by about of 0.74 °C over the last century. The temperature increase is widespread over the globe and is greater at higher northern latitudes. Land regions have warmed faster than the oceans. Rising sea level is consistent with warming. Global average sea level has risen since 1961 at an average rate of about 1.8 mm/yr and since 1993 at about 3.1 mm/yr. Sea level rise is caused by thermal expansion of the ocean, meltingglaciers and ice caps, and the polar ice sheets.
Observed decreases in snow and ice extent are also consistent with warming. Satellite data since 1978 show that annual average Arctic sea ice extent has shrunk by about 2.7% per decade. Mountain glaciers and snow cover on average have declined in both hemispheres. From 1900 to 2005, precipitation increased significantly in eastern parts of North and South America, northern Europe and northern and central Asia but declined in the Sahel, the Mediterranean, southern Africa and parts of southern Asia. It is very likely that over the past 50 years, cold days, cold nights and frosts have become less frequent over most land areas, and hot days and hot nights have become more frequent. It is likely that heat waves have become more frequent over most land areas, and the frequency of heavy precipitation events has increased over most areas.
There is evidence of an increase in intense tropical cyclone activity in the North Atlantic since about 1970. There is no clear trend in the annual numbers of tropical cyclones. It is difficult to determine longer-term trends in cyclone activity, particularly prior to 1970. Average Northern Hemisphere temperatures during the second half of the 20th century were very likelyhigher than during any other 50-year period in the last 500
years.
There is widespread evidence from all continents and most oceans that many natural systems are being affected by regional climate changes, particularly temperature increases. These changes include:
• Changes in snow, ice and frozen ground have with high confidence increased the number and size of glacial lakes, increased ground instability in mountain and other permafrost regions and led to changes in some Arctic and Antarctic ecosystems.
• In terrestrial ecosystems, earlier timing of spring events and poleward and upward shifts in plant and animal ranges are with very high confidence linked to recent warming.
• In some marine and freshwater systems, shifts in ranges and changes in algal, plankton and fish abundance are with high confidence associated with rising water temperatures, as well as related changes in ice cover, salinity, oxygen levels and circulation. The dominant factor in the radiative forcing of climate in the industrial era is the increasing concentration of various greenhouse gases in theatmosphere.
Causes of change
Several of the major greenhouse gases occur naturally but increases in their atmospheric concentrations over the last 250 years are due largely to human activities. Other greenhouse gases are entirely the result of human activities. The contribution of each greenhouse gas to radiative forcing over a particular period of time is determined by the change in its concentration in the atmosphere over that period and the effectiveness of the gas in perturbing the radiative balance.
Current concentrations of atmospheric CO 2 and CH 4 far exceed pre-industrial values found in polar ice core records of atmospheric composition dating back 650,000 years. Multiple lines of evidence confirm that the post-industrial rise in these gases does not stem from natural mechanisms. The total radiative forcing of the Earth's climate due to increases in the concentrations of the long-lived GHGs CO 2 , CH 4 and N 2 O, and very likely the rate of increase in the total forcing due to these gases over the period since 1750, are unprecedented in more than 10,000 years. It is very likely that the sustained rate of increase in the combined radiative forcing from these greenhouse gases over the past four decades is at least six times faster than at any time during the two millennia before the Industrial Era, the period for which ice core data have the required temporal resolution. The concentration of atmospheric CO 2 has increased from a pre-industrial value of about 280 ppm to 379 ppm in 2005. Atmospheric CO 2 concentration increased by only 20 ppm over the 8000 years prior to industrialisation; multi-decadal to centennial-scale variations were less than 10 ppm and likely due mostly to natural processes. However, since 1750, the CO 2 concentration has risen by nearly 100 ppm. The annual CO 2 growth rate was larger during the last 10 years than it has been since continuous direct atmospheric measurements began. Increases in atmospheric CO 2 since pre-industrial times are responsible for a radiative forcing contribution that dominates all other radiative forcing agents considered in this report.
The CH 4 abundance in 2005 of about 1774 ppb is more than double its pre-industrial value. Current atmospheric CH 4 levels are due to continuing anthropogenic emissions of CH 4 , which are greater than natural emissions. Emissions from individual sources of CH 4 are not as well quantified as the total emissions but are mostly biogenic and include emissions from wetlands, ruminant animals, rice agricultureand biomass burning, with smaller contributions from industrial sources including fossil fuel-related emissions.
The N 2 O concentration in 2005 was 319 ppb, about 18% higher than its pre-industrial value. The increase in N 2 O is due primarily to human activities, particularly agriculture and associated land use change.
• It is extremely unlikely (<5%) that the global pattern of warming observed during the past half century can be explained without external forcing. These changes took place over a time period when non-anthropogenic forcing factors (i.e., the sum of solar and volcanic forcing) would be likely to have produced cooling, not warming. Attribution studies show that it is very likely that these natural forcing factors alone cannot account for the observed warming.
• It is very likely that anthropogenic greenhouse gas increases caused most of the observed increase in global average temperatures since the mid-20th century. Without the cooling effect of atmosphericaerosols, it is likely that greenhouse gases alone would have caused a greater global mean temperature rise than that observed during the last 50 years.
• It is very likely that the response to anthropogenic forcing contributed to sea level rise during the latter half of the 20th century, but decadal variability in sea level rise remains poorly understood.
• The observed pattern of tropospheric warming is very likely due to the influence of anthropogenic forcing, particularly that due to greenhouse gas increases.
• Difficulties remain in attributing temperature changes at smaller than continental scales and over time scales of less than 50 years. For the next two decades a warming of about 0.2°C per decade is projected for a range of SRES emissions scenarios. Even if the concentrations of all GHGs and aerosols had been kept constant at year 2000 levels, a further warming of about 0.1°C per decade would be expected. Afterwards, temperature projections increasingly depend on specific emissions scenarios. GHG emissions in this range will cause further warming and induce many changes in the global climate system during the 21st century that would very likely be larger than those observed during the 20th century.
Based on these projected temperature increases, the IPCC projects a pattern of warming and other regional-scale features that include changes in wind patterns, precipitation, and some aspects of extremes and sea ice. These projected changes include:
• Warming is expected to be greatest over land and at most high northern latitudes, and least over theSouthern Ocean (near Antarctica) and northern North Atlantic, continuing recent observed trends.
• Snow cover area is projected to contract. Widespread increases in thaw depth are projected over most permafrost regions. Sea ice is projected to shrink in both the Arctic and Antarctic under all SRES scenarios. In some projections, Arctic late-summer sea ice disappears almost entirely by the latter part of the 21st century.
• It is very likely that hot extremes, heat waves, and heavy precipitation events will become more frequent.
• it is likely that future tropical cyclones (typhoons and hurricanes) will become more intense, with larger peak wind speeds and more heavy precipitation associated with ongoing increases of tropical sea-surface temperatures.
• Increases in the amount of precipitation are very likely in high-latitudes, while decreases are likely in most subtropical land regions, continuing observed patterns in recent trends.
• Anthropogenic warming and sea level rise would continue for centuries due to the timescales associated with climate processes and feedbacks, even if GHG concentrations were to be stabilised, due to the time scales required for the removal of this gas from the atmosphere.
• Contraction of the Greenland ice sheet is projected to continue to contribute to sea level rise after 2100.
Impacts of future climate changes
The most vulnerable groups will be the poor, the elderly, and children, including those living in rich countries. The most affected regions will be the Arctic, subSaharan Africa, small islands, and Asian megadeltas. High risks will be associated with low-lying coastal areas, water resources in dry tropics and subtropics,agriculture in low-latitude regions, key ecosystems (such as coral reefs), and human health in poor areas. Moreover, extreme weather events will worsen (especially tropical cyclones and heat waves). The result is that prospects for achieving many of the eight 2015 Millennium Development Goals-which include poverty reduction, better health and education, gender equality, and saving the environment-will become even more remote. 
Ecosystems
The resilience of many ecosystems is likely to be exceeded this century by an unprecedented combination of climate change, associated disturbances (e.g. flooding, drought, wildfire, insects,ocean acidification), and other global change drivers (e.g. land-use change, pollution, fragmentation of natural systems, over-exploitation of resources). Approximately 20-30% of plant and animal species assessed so far are likely to be at increased risk of extinction if increases in global average temperature exceed 1.5-2.5°C.
Food
Crop productivity is projected to increase slightly at mid-to high latitudes for local mean temperature increases of up to 1-3°C depending on the crop, and then decrease beyond that in some regions. At lower latitudes, especially in seasonally dry and tropical regions, crop productivity is projected to decrease for even small local temperature increases (1-2°C), which would increase the risk of hunger. Globally, the potential for food production is projected to increase with increases in local average temperature over a range of 1-3°C, but above this it is projected to decrease.
Coasts
Coasts are projected to be exposed to increasing risks, including coastal erosion, due to climate change and sea level rise. The effect will be exacerbated by increasing human-induced pressures on coastal areas. By the 2080s, many millions more people than today are projected to experience floods every year due to sea level rise.
Industry, settlements and society
The most vulnerable industries, settlements and societies are generally those in coastal and river flood plains, those whose economies are closely linked with climate-sensitive resources, and those in areas prone to extreme weather events, especially where rapid urbanisation is occurring. Poor communities can be especially vulnerable, in particular those concentrated in high-risk areas. 
Health
The health status of millions of people is projected to be affected through, for example, increases in malnutrition; increased deaths, diseases and injury due to extreme weather events; increased burden of diarrhoeal diseases; increased frequency of cardio-respiratory diseases due to higher concentrations of groundlevelozone in urban areas related to climate change; and the altered spatial distribution of some infectious diseases. Climate change is projected to bring some benefits in temperate areas, such as fewer deaths from cold exposure, and some mixed effects such as changes in range and transmission potential of malaria in Africa. Overall it is expected that benefits will be outweighed by the negative health effects of rising temperatures, especially in developing countries.
Water
Climate change is expected to exacerbate current stresses onwater resources from population growth and economic and land-use change, including urbanisation. Changes in precipitation and temperature lead to changes in runoff and water availability. The negative impacts of climate change on freshwater systems outweigh its benefits (high confidence). For example, the beneficial impacts of increased annual runoff in some areas are likely to be tempered by negative effects of increased precipitation variability and seasonal runoff shifts on water supply, water quality and flood risk. Available research suggests a significant future increase in heavy rainfall events in many regions, including some in which the mean rainfall is projected to decrease. The resulting increased flood risk poses challenges to society, physical infrastructure and water quality.
Extreme events
Altered frequencies and intensities of extreme weather, together with sea level rise, are expected to have mostly adverse effects on natural and human systems.
Examples include:
• Over most land areas, warmer and fewer cold days and nights, warmer and more frequent hot days and nights.
• Increased frequency of warm spells/heat waves over most areas.
• Increased frequency of heavy precipitation events over most areas.
• Increased areas affected by drought.
• Increased tropical cyclone activity.
• Increased incidence of extreme high sea level.
Risk of abrupt or irreversible changes
Anthropogenic warming could lead to some impacts that are abrupt or irreversible, depending upon the rate and magnitude of the climate change. Abrupt climate change on decadal time scales is normally thought of as involving ocean circulation changes. In addition on longer time scales, ice sheet and ecosystem changes may also play a role. If a large scale abrupt climate change were to occur, its impact could be quite high. For example, partial loss of ice sheets on polar land and/or the thermal expansion of seawater over very long time scales could imply metres of sea level rise, major changes in coastlines and inundation of low-lying areas, with greatest effects in river deltas and low-lying islands. Climate change also is likely to lead to some irreversible impacts. Approximately 20-30% of species assessed so far are likely to be at increased risk of extinction if increases in global average warming exceed 1.5-2.5°C (relative to 1980-1999). As global average temperature increase exceeds about 3.5°C, model projections suggest significant extinctions (40-70% of species assessed) around the globe.
Impacts on regions
The impacts of climate change vary significantly among regions. Some regions are likely to be especially affected by climate change. These include:
• the Arctic, because of the impacts of high rates of projected warming on natural systems and human communities • Africa, because of low adaptive capacity and projected climate change impacts • small islands, where there is high exposure of population and infrastructure to projected climate change impacts • Asian and African megadeltas, due to large populations and high exposure to sea level rise, storm surges and river flooding.
Within other areas, even those with high incomes, some people (such as the poor, young children and the elderly) can be particularly at risk, and also some areas and some activities. Figure 9 . The construction of coastal dikes, such as this on on the coasts of the Netherlands, is one approach to climate change mitigation.
Adaptation and mitigation options
Societies can respond to climate change by adapting to its impacts and by reducing GHG emissions (mitigation), thereby reducing the rate and magnitude of change. Adaptation refers to initiatives and measures to reduce the vulnerability of natural and human systems against actual or expected climate change effects.
Examples are raising river or coastal dikes, the substitution of more temperature-shock resistant plants for sensitive ones, etc. Mitigation refers to technological change and substitution that reduce resource inputs and emissions per unit of output. In reference to climate change, mitigation means implementing policies to reduce greenhouse gas emissions and enhance sinks. The capacity to adapt and mitigate is dependent on socio-economic and environmental circumstances and the availability of information and technology. However, much less information is available about the costs and effectiveness of adaptation measures than about mitigation measures.
Adaptation to climate change
Additional adaptation measures will be required to reduce the adverse impacts of projected climate change and variability, regardless of the scale of mitigation undertaken over the next two to three decades. Moreover, vulnerability to climate change can be exacerbated by other stresses. These arise from, for example, current climate hazards, poverty and unequal access to resources, food insecurity, trends in economic globalisation, conflict and incidence of diseases such as HIV/AIDS. There is high confidence that there are viable adaptation options that can be implemented in some sectors at low cost, and/or with high benefit-cost ratios. However, comprehensive estimates of global costs and benefits of adaptation are limited.
A range of barriers limits both the implementation and, effectiveness of adaptation measures. The capacity to adapt is, dynamic and is influenced by a society's productive base, including, natural and man-made capitalassets, social networks, and entitlements, human capital and institutions, governance, national income, health and technology. Even societies with high adaptive capacity remain vulnerable to climate change, variability and extremes.
Examples of planned adaptations include:
• Water: Expanded rainwater harvesting; water storage and conservation techniques; water re-use; desalination; water-use and irrigation efficiency No single technology can provide all of the mitigation, potential in any sector. The economic mitigation potential, which is generally greater than the market mitigation potential, can only be achieved when adequate policies are in place, and barriers removed.
There is substantial economic potential for the mitigation of global, GHG emissions over the coming decades that could offset the projected growth of global emissions, or reduce emissions below current levels No single technology can provide all of the mitigation, potential in any sector. The economic mitigation potential, which is generally greater than the market mitigation potential, can only be achieved when adequate policies are in place, and barriers removed. Bottomup studies suggest that mitigation opportunities, with net negative costs have the potential to reduce emissions, by around 6 GtCO 2 -eq/yr in 2030, realising which requires dealing with implementation barriers. Key mitigation technologies and practices currently commercially available include the following:
• Energy supply: Improved supply and distribution efficiency; fuel switching from coal to gas; nuclear power; renewable heat and power (hydropower, solar, wind, geothermal and bioenergy); combined heat and power; early applications of Carbon Dioxide Capture and Storage (CCS) (e.g. storage of removed CO 2 from natural gas)
• Buildings: Efficient lighting and daylighting; more efficient electrical appliances and heating and cooling devices; improved cook stoves, improved insulation; passive and active solar design for heating and cooling; alternative refrigeration fluids, recovery and recycling of fluorinated gases
• Industry: More efficient end-use electrical equipment; heat and power recovery; material recycling and substitution; control of non-CO2 gas emissions; and a wide array of process-specific technologies
• Agriculture: Improved crop and grazing land management to increase soil carbon storage; restoration of cultivated peaty soils and degraded lands; improved rice cultivation techniques and livestock and manure management to reduce CH 4 emissions; improved nitrogen fertiliser application techniques to reduce N 2 O emissions; dedicated energy crops to replace fossil fuel use; improved energy efficiency • Forestry: Afforestation; reforestation; forest management; reduced deforestation; harvested wood product management; use of forestry products for bioenergy to replace fossil fuel use
• Transport: More fuel efficient vehicles; hybrid vehicles; cleaner diesel vehicles; biofuels; modal shifts from road transport to rail and public transport systems; non-motorised transport (cycling, walking); land-use and transport planning A wide variety of policies and instruments are available to governments to create the incentives for mitigation and action. Their applicability depends on national circumstances and sectoral context. These policies and instruments include integrating climate policies in wider development policies, regulations and standards, taxes and charges, tradable permits, financial incentives, voluntary agreements, information instruments, and research, development and demonstration.
An effective carbon-price signal could realise significant mitigation potential in all sectors. Modelling studies show that global carbon prices rising to US$20-80/tCO 2 -eq by 2030 are consistent with stabilisation at around 550ppm CO 2 -eq by 2100. For the same stabilisation level, induced technological change may lower these price ranges to US$5-65/tCO 2 -eq in 2030. There is substantial evidence that mitigation actions can result in near-term co-benefits (e.g. improved health due to reduced air pollution) that may offset a substantial fraction of mitigation costs. There is also evidence changes in lifestyle, behaviour patterns and management practices can contribute to climate change mitigation across all sectors.
Many options exist for reducing global GHG emissions through international cooperation. Notable achievements of the United Nations Framework Convention on Climate Change (UNFCCC) and its Kyoto Protocol are the establishment of a global response to climate change, stimulation of an array of national policies, and the creation of an international carbon market and new institutional mechanisms that may provide the foundation for future mitigation efforts. Progress has also been made in addressing adaptation within the UNFCCC and additional international initiatives have been suggested. Greater cooperative efforts and expansion of market mechanisms will help to reduce global costs for achieving a given level of mitigation, or will improve environmental effectiveness. Such efforts can include diverse elements such as emissions targets; sectoral, local, sub-national and regional actions; RD&D programmes; adopting common policies; implementing development-oriented actions; or expanding financing instruments.
Key uncertainties
The IPCC has identified a number of uncertainties whose resolution would improve our understanding of climate change. Some of the key uncertainties include:
• Climate data coverage remains limited in some regions and there is a notable lack of geographic balance in data and literature on observed changes in natural and managed systems, with marked scarcity in developing countries.
• Analysing and monitoring changes in extreme events, including drought, tropical cyclones, extreme temperatures, and the frequency and intensity of precipitation, is more difficult than for climatic averages as longer data time-series of higher spatial and temporal resolutions are required.
• Difficulties remain in reliably simulating and attributing observedtemperature changes to natural or human causes at smaller than continental scales.
• Uncertainty in equilibrium climate sensitivity creates uncertainty in the expected warming for a given CO 2 -eq stabilisation scenario. Uncertainty in the carbon cycle feedback creates uncertainty in the emission trajectory required to achieve a particular stabilisation level.
• Climate models differ considerably in their estimates of the strength of different feedbacks in the climate system, particularly cloud feedbacks, oceanic heat uptake, and carbon cycle feedbacks, although progress has been made in these areas.
• Large scale ocean circulation changes beyond the 21st century cannot be reliably assessed because of uncertainties in the meltwater supply from Greenland ice sheet and model response to the warming.
• Projections of climate change and its impacts beyond about 2050 are strongly scenario-and model-dependent, and improved projections would require improved understanding of sources of uncertainty and enhancements in systematic observation networks.
• Understanding of how development planners incorporate information about climate variability and change into their decisions is limited. This limits the integrated assessment of vulnerability.
• Barriers, limits and costs of adaptation are not fully understood, partly because effective adaptation measures are highly dependent on specific geographical and climate risk factors as well as institutional, political and financial constraints.
• Estimates of mitigation costs and potentials depend on assumptions about future socio-economic growth, technological change and consumption patterns. Warming of the climate system is unequivocal, as is now evident from observations of increases in global average air and ocean temperatures, widespread melting of snow and ice, and rising global average sea level. Many natural systems, on all continents and in some oceans, are being affected by regional climate changes. Observed changes in many physical and biological systems are consistent with warming. As a result of uptake of anthropogenic CO 2 since 1750, the acidity of the surface ocean has increased. Global total annual anthropogenic GHG emissions, weighted by their 100-year global warming potentials (GWPs), have grown by 70% between 1970 and 2004. As a result of anthropogenic emissions, atmospheric concentrations of N 2 O now far exceed pre-industrial values spanning many thousands of years, and CH 4 and CO 2 now far exceed the natural range over the last 650,000 years. Most of the global average warming over the past 50 years is very likely due to anthropogenic GHG increases and it is likelythat there is a discernible human-induced warming averaged over each continent (except Antarctica). Anthropogenic warming over the last three decades has likely had a discernible influence at the global scale on observed changes in many physical and biological systems.
With current development policies and emissions trends, global GHG emissions will continue to grow over the next few decades. For the next two decades a warming of about 0.2°C per decade is projected for a range of SRES emission scenarios. Continued GHG emissions at or above current rates would cause further warming and induce many changes in the global climate system during the 21st century that would very likelybe larger than those observed during the 20th century. The most vulnerable groups include the poor, the elderly and children. Some systems, sectors and regionsare likely to be especially affected by climate change.
The systems and sectors are some ecosystems(tundra, boreal forest, mountain, Mediterranean-type, mangroves, salt marshes, coral reefs and theseaice biome), low-lying coasts, water resources in dry tropics and subtropics and in areas dependent on snow and ice melt, agriculture in low-latitude regions, and human health in areas with low adaptive capacity. The regions are the Arctic, Africa, small islands and Asian and African megadeltas. Within other regions, even those with high incomes, some people, areas and activities can be particularly at risk. Mean Sea Level: normally defined as the average relative sea level over a period, such as a month or a year, long enough to average out transients such as waves and tides. Relative sea level is sea level measured by a tide gauge with respect to the land upon which it is situated. Methane (CH 4 ): one of the six greenhouse gases to be mitigated under the Kyoto Protocol and is the major component of natural gas and associated with all hydrocarbon fuels, animal husbandry and agriculture.
Mitigation: technological change and substitution that reduce resource inputs and emissions per unit of output. Although several social, economic and technological policies would produce an emission reduction, with respect to climate change, mitigation means implementing policies to reduce greenhouse gas emissions and enhance sinks.
Nitrous oxide (N 2 O): one of the six types of greenhouse gases to be curbed under the Kyoto Protocol. The main anthropogenic source of nitrous oxide is agriculture (soil and animal manure management), but important contributions also come from sewage treatment, combustion of fossil fuel, and chemical industrial processes. Nitrous oxide is also produced naturally from a wide variety of biological sources in soil and water, particularly microbial action in wet tropical forests.
Projection: a potential future evolution of a quantity or set of quantities, often computed with the aid of a model. Projections are distinguished from predictions in order to emphasise that projections involve assumptions concerning, for example, future socio-economic and technological developments that may or may not be realised, and are therefore subject to substantial uncertainty.
Radiative forcing:
The change in the net-downward minus upward-irradiance (expressed in Watts per square metre, W/m 2 ) at the tropopause due to a change in an external driver of climate change, such as, for example, a change in the concentration of carbon dioxide or the output of the Sun.
Scenario: a plausible and often simplified description of how the future may develop, based on a coherent and internally consistent set of assumptions about driving forces and key relationships. Scenarios may be derived from projections, but are often based on additional information from other sources, sometimes combined with a narrative storyline. Sensitivity: the degree to which a system is affected, either adversely or beneficially, by climate variability or climate change.
Sink: any process, activity or mechanism which removes a greenhouse gas, an aerosol or a precursor of a greenhouse gas or aerosol from the atmosphere.
Top-down models: top-down models apply macroeconomic theory, econometric and optimization techniques to aggregate economic variables.
Uncertainty: an expression of the degree to which a value (e.g., the future state of the climate system) is unknown. Uncertainty can result from lack of information or from disagreement about what is known or even knowable. It may have many types of sources, from quantifiable errors in the data to ambiguously defined concepts or terminology, or uncertain projections of human behaviour. Uncertainty can therefore be represented by quantitative measures, for example, a range of values calculated by various models, or by qualitative statements, for example, reflecting the judgement of a team of experts.
United Nations Framework Convention on Climate Change (UNFCCC):
The Convention was adopted on 9 May 1992 in New York and signed at the 1992 Earth Summit in Rio de Janeiro by more than 150 countries and the European Community. Its ultimate objective is the "stabilisation of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system". Vulnerability: the degree to which a system is susceptible to, and unable to cope with, adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity.
Treatment of Uncertainty
This article expressed scientific uncertainty using the system developed by the the Intergovernmental Panel on Climate Change (IPCC) in the preparation of the Fourth Assessment Report (AR4).
Where uncertainty is assessed qualitatively, it is characterised by providing a relative sense of the amount and quality of evidence (that is, information from theory, observations or models indicating whether a belief or proposition is true or valid) and the degree of agreement (that is, the level of concurrence in the literature on a particular finding). This approach is used by WG III through a series of self-explanatory terms such as: high agreement, much evidence; high agreement, medium evidence; medium agreement, medium evidence; etc.
Where uncertainty is assessed more quantitatively using expert judgement of the correctness of underlying data, models or analyses, then the following scale of confidence levels is used to express the assessed chance of a finding being correct: very high confidence at least 9 out of 10; high confidence about 8 out of 10;medium confidence about 5 out of 10; low confidence about 2 out of 10; and very low confidence less than 1 out of 10.
Where uncertainty in specific outcomes is assessed using expert judgment and statistical analysis of a body of evidence (e.g. observations or model results), then the following likelihood ranges are used to express the assessed probability of occurrence: virtually certain >99%; extremely likely >95%; very likely >90%; likely>66%; more likely than not > 50%; about as likely as not 33% to 66%; unlikely <33%; very unlikely <10%;extremely unlikely <5%; exceptionally unlikely <1%.
